Dissociation of heparin-dependent thrombin and factor Xa inhibitory activities of antithrombin-III by mutations in the reactive site.
Antithrombin-III (AT-III) is a heparin-dependent inhibitor of thrombin and Factor Xa, two serine proteases that are crucial for blood coagulation. In order to assess whether it would be possible to target AT-III only towards Factor Xa, we replaced parts of the reactive site, or P region, of AT-III by sequences present in prothrombin, a substrate of Factor Xa in the coagulation cascade. We show that replacement of the P3 to P3' region generates the hypothesized phenotype. In fact, point mutation of the P1' site from Ser (present in AT-III) to Ile (present in prothrombin) is sufficient to dissociate heparin-dependent thrombin and Factor Xa inhibitory activities. Interestingly, a combined mutation at P3 and P3' brings about the same dissociation. We show that besides Ile, other amino acids at P1' can lead to the dissociation in inhibitory activity. Amino acids with small side chains (Gly, Ser, Ala, and Thr) have only a marginal effect on the inhibitory activity against either protease. However, larger residues at the P1' position abolish the heparin-dependent anti-thrombin activity, whereas the heparin-dependent anti-Factor Xa activity is not at all or only moderately affected. These results can be rationalized by a comparison of the x-ray structure and a three-dimensional model of the S1' binding pockets of thrombin and Factor Xa, respectively. It appears that the S1' pocket of Factor Xa leaves much more space for the P1' residue of AT-III than the S1' pocket of thrombin.